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ImmunizationAgainstInhibinIncreasesSpermProductioninYoungBeefBulls
Introduction
DonaldD.Lunstra,TerryL.Martin,GaryL.Williams,andJamesJ. Ireland'
The specificbiologicalmechanismsthatcontrolpubertal
development,testiculargrowthandonsetof spermproduc-
tionin thebeefbullhavenotbeenwelldefined. It is known
thattwoproteinhormones(thegonadotropins,LH andFSH)
producedby the pituitarystimulatetesticulargrowth,cause
an increasein numbersof testicularreceptorsfor LH and
FSH, and stimulateproductionof steroidhormonesby the
testes. Researchershave shownthatthe patternsof LH
andFSH secretiondivergeduringtheperipubertalperiodin
severalspecies,includingthebull. WhileLH increasesdur-
ingthe peripubertalperiodof developmentin the bull,FSH
exhibitslittlechangeduringthis period. Inhibin,a protein
hormoneproducedby thetestes,hasbeenshownto selec-
tivelyinhibitFSH secretionin otherspecies. Thus, inhibin
mayexplainthe divergencein peripubertalpatternsof LH
andFSH secretioninthebullandmaybean importantreg-
ulatoryfactorinbovinetesticulardevelopment.
In otherspecies,immunizationof malesagainstendoge-
nousinhibinhasbeenshownto influencesecretionof FSH
andtesticularfunction.Structurally,the inhibinmoleculein
variousspeciesis composedof twoproteinchainstermed
thealphaandthe betachains. Eachproteinchainis com-
posedof numerousaminoacids,butthesequenceofamino
acids in thealphachaincontributesto inhibin'suniquehor-
monalpropertiesandspeciesspecificity.Thus, immuniza-
tion against inhibinis usuallyperformedby utilizingthe
alpha chain to induce immunologicalspecificityagainst
inhibin. Immunoneutralizationof endogenousinhibinhas
been shownto cause increasedsecretionof FSH in rats,
andsimilarimmunizationin ramshas resultedin increased
FSH, LH, testis size, daily spermoutputand epididymal
spermreserves. Althoughinhibinis presentin peripheral
bloodof bulls,the role of inhibinin regulationof gonadal
growthand functionin bulls is unknown. Therefore,the
objectiveof the presentexperimentwas to determinethe
importanceof inhibinin regulationof secretionof FSH, LH
and testosterone,testiculargrowth,and/orspermproduc-
tioninyoungbeefbulls.
Procedures
Animals,TreatmentsandSamples-Beginningat 14wkof
age (3.5:t 0.1moofageand215:t 9 Ibbodyweight;mean
:t SE), 20 Angus x Hereford-Brahmanbulls (n = 10 per
treatmentgroup)wereactivelyimmunizedagainstthefirst
26 aminoacidsof bovineinhibinalpha(bINH-lmmunbulls)
conjugated to a carrier protein, human alpha globulin
(HAG), or were immunizedagainst HAG alone (control
bulls). The primaryimmunizationwas followedby booster
immunizationsgivenat 28, 30, and 34 wk of age. Body
weightand scrotalcircumference(an excellentindicatorof
pairedtesticularmass)weremeasuredat the beginningof
theexperimentand10daysaftereachimmunization.A sin-
gle jugularbloodsample(10 ml)was collectedfromeach
bull 10 days aftereachboosterfor determinationof blNH
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antibodytiterandfor hormoneassays. Ten daysafterthe
lastbooster(at-36 wkof age),bloodwas sampledat 1-hr
intervalsfor 8 hr to quantifyserumconcentrationsof FSH,
LH, andtestosterone.Bullswerecastratedat 9 mo(36wk)
of age, and testiculardaily spermproductionwas deter-
minedviahomogenization.
TesticularSpermProduction-Threesubsamplesoftestic-
ulartissueperbull(1-2gramsubsamplefromtheproximal,
middle,anddistalportionsof the lefttestisfromeachbull)
wereobtained,and subsampleswere thoroughlyhomoge-
nized. The averagenumberof homogenization-resistant
spermatidspergramof testiculartissuewasdeterminedfor
eachbullfromhemacytometercountsusinga microscope.
To determinetesticulardailyspermproduction(DSP), the
numberofhomogenization-resistantspermatidspergramof
testiculartissuewas dividedby 5.32day (species-specific
constantforcalculationofdailyspermproductioninbulls).
InhibinAntibodyTiters-To determinetheamountof anti-
inhibinantibodies(Le.,blNH-antibodytiter)thathadbeen
inducedin eachbull,bloodserumwas diluted1:4000and
blNH-antibodytitersweredeterminedin all serumsamples
collected10 daysaftereach immunization.All titerswere
determinedin one assay and the intraassaycoefficientof
variation(CV)was3.7%.
GonadotropinandSteroidHormoneAssays- Serumsam-
ples wereassayedfor testosterone,LH and FSH via vali-
datedlaboratoryradioimmunoassays.The intraassayCV
was 4.4%for FSH and4.7%for LH. Extractionefficiency
for testosteronewas 94%; intraassayand interassayCVs
fortestosteronewere3.8%and7.6%,respectively.
Results & Discussion
Both bodyweightand scrotalcircumferenceincreased
continuously(P<.01)between14 and34 wk of age in both
treatmentgroupsof bulls. However,bodyweightandscro-
talcircumferenceoftreatedbullsdidnotdiffer(P>0.20)from
controlbullsthroughouttheexperiment(MartinetaI.,1991).
Substantialanti-inhibintiters were establishedin bINH-
Immunbulls,and serumdiluted1:4000fromblNH-lmmun
bullsbound36:t 4%, 52:t 5%, and53:t 4% radioiodinated
blNH (mean:t SE of 10 bulls per group) 10 days after
boostersgivenat 28, 30, and 34 wk of age, respectively,
whilebindingwaslessthan2% incontrolbulls. Forthesin-
gle bloodsamplestaken10daysafterthefirstandsecond
boosters,serumconcentrationsof FSH and testosterone
were similar (P>0.20), but concentrations of LH were
decreased(P<0.05)in blNH-lmmuncomparedwithcontrol
bulls. However,for the bloodsamplesobtainedat hourly
intervalsfor8 hr(Le.,at9 moofage),serumconcentrations
of FSH were increased(P<0.05)substantiallyand serum
concentrationsof LH weredecreased(P<0.001)markedlyin
blNH-lmmunbullscomparedwithcontrolbulls (Figure1).
DespitethisreductioninserumLH,concentrationsof serum
testosteronealso were increased(P<0.05)in blNH-lmmun
bullsat9 moofage(Figure2). Whiletestissize (scrotalcir-
cumference)did notdifferbetweenblNH-lmmunbullsand
controlbullsat9 moofage(MartinetaI., 1991),dailysperm
productionper gram testicular tissue was dramatically
increased(P<0.05;Figure 2) in blNH-lmmunbulls com-
paredwithcontrolbulls.
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The threefoldincreasein serumFSH presentat9 moof
age inbullsimmunizedagainstinhibin,comparedto control
bulls, supportsthe conceptthat inhibinfunctionsto sup-
pressFSH in thebovine.Otherresearchhas indicatedthat
castrationof bulls causes a two- to four-foldincreasein
serumFSH (MacDonaldet aI., 1991). Althoughcastration
removesotherpotentialFSH-regulatoryfactorsthatorigi-
natefromthetestis,suchas steroids,ourdataindicatethat
inhibin may have a potent negativefeedback effect of
secretionof FSH inbulls.
Otherresearchershavereportedthatbothintratesticular
and bloodconcentrationsof testosteroneincreasearound
4-5moofageinbulls. Highintratesticularconcentrationsof
testosteronepromoteSertolicell differentiation,leadingto
differentiationof germcells intospermatogoniandestab-
lishmentand maintenanceof spermatogenesis. In our
study,theincreasedsecretionof FSH couldhaveincreased
testicularsensitivityto LH, sinceFSH increasesnumbersof
FSH andLH receptorsintestes. Despitethelowerconcen-
trationof LH, testosteroneconcentrationwas greaterin
blNH-lmmunbulls than in controls. We speculatethat
exposureof thetestesto highconcentrationsof FSH may
have markedlyincreasedthe sensitivityof the testes in
blNH-lmmunbullsto circulatinggonadotropins.Therefore,
increasedsensitivityof the testes to gonadotropinsmay
explainthe increasedsecretionof testosterone,despite
decreasedsecretionof LH, inblNH-lmmunbulls.
Our mostsignificantfindingwas thattotaldailysperm
productionandspermproductionpergramof testiculartis-
sue increasedapproximatelytwo-foldfollowingimmuniza-
tionagainstinhibin.This increaseinspermproductioncoin-
cidedwithincreasedFSH and testosteroneconcentrations
in blNH-lmmunbulls,suggestingthatbothhormonesmay
enhance testicularsperm productionin bulls. In bulls,
testosteroneis an importantregulatorof testicularmatura-
tion. Altematively,inhibinhas beenreportedto havelocal
inhibitoryeffects on testicularfunction,and removalof
inhibinviaimmunoneutralizationmayhavereleasedtesticu-
lar spermproductionfromthe local inhibitoryactions of
inhibin. Othershavereportedthatinhibindecreasesnum-
bersof spermatogoniawheninjectedintothetestisof mice
or hamsters. In supportof this hypothesisfor a localized
effectof inhibin,unilateralintratesticularinjectionsof inhibin
havebeenshowntodecreasenumbersof spermatogoniain
the inhibin-injected,but not in the contralateraltestis,of
mice and hamsters. Therefore, increasedtestosterone
secretionand enhancedspermproductionin blNH-lmmun
bulls may be due, in part, to removalof local inhibitory
actionsof inhibinonthetestes.
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The mechanism(s)bywhichinhibinimmunoneutralization
selectivelyincreasedspermatid ensityinthetestisofneop-
ubertalbeefbulls is unknown. It was surprisingthattotal
dailyspermproductionandspermproductionpergramtes-
ticulartissuewas increasedwithoutsignificantchangesin
testissize (scrotalcircumference).The lack of changein
scrotalcircumference,despitea twofoldincreasein sper-
matidsin blNH-lmmunbulls,mayindicatethatSertolicell
functionwasalteredandresultedin increasedproductionof
spermatidswithinthe seminiferoustubules. In supportof
our findings,Schanbacher(1991)recentlyreportedthat
spermdensityper gramof testis,but not testicularsize,
tendedto be increasedat 13 mo of age in beefbullsthat
had been immunizedagainstporcineinhibinalpha. It is
possiblethatimmunoneutralizationf inhibinin youngbeef
bullsmayresultinan accelerationof pubertaldevelopment
andearlieronsetof spermproduction.Furtherstudiesare
neededto determineif the increasedsperm production
inducedby inhibinimmunoneutralizationcontinuesto be
maintainedpostpubertallyinmorematurebulls.
In summary,immunoneutralizationof inhibinin young
beef bulls increasedserum concentrationsof FSH and
testosterone,decreasedserumconcentrationsof LH, dra-
maticallyenhancedspermproductionpergramof testisand
totaldailyspermproduction,anddid notaltertestissize or
bodyweight. We concludethatinhibinplaysan important
role in the regulationof secretionof gonadotropinsand in
regulatingtesticulardevelopmentand spermproductionin
youngbeefbulls.
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Control. blnh-Immun Control. blnh-Immun
Figure 1 - Effect of active immunizationagainstinhibinduring
developmentonserumconcentrationsof FSH andLH incontrol
andblNH-lmmunbullsat9 mo(36wk)of age. Bloodwassam-
pledat 1-hrintervalsfor8 hrat9 moof age. Valuesshownare
meansover the 8-hr samplingperiod:i:SE for 10 bulls per
treatmentgroup.
Figure2- Effect of active immunizationagainstinhibinduring
developmenton serumconcentrationsof testosteroneand on
dailyspermproductionpergramof testisforcontrolandbINH-
Immunbullsat 9 mo (36wk) of age. Dailyspermproduction
pergramtesticulartissuewas calculatedbydividingthe num-
berof homogenization-resistantspermatidspergrambya con-
stant of 5.32 days. Values shown are means :i:SE for 10
bulls/treatmentgroup.
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